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(ONSTRUCTION of multi-storeyed buildings on loose soils and fresh 
fills calls for special attention. The conventional type foundation is 

either not safe or very expensive. Therefore, special type of foundation is 
considered. Pile or raft foundation is adopted. In many cases, an economical 
and safe solution is to strengthen the weak soil before the construction of 
foundation. Abelev (1957) has shown that in loess type of soils, strengthen
ing is more suitable and cheap. In other types of soils, also, strengthening 
the soil works out cheaper than providing conventional foundations on 
weak soils. 

There are several methods of soil strengthening, Hammond (1955). 
Mitchell (1970) has reviewed a number of methods. The selection of a 
method for a particular building depends upon the properties of the soil 
and the nature and size of the building. Other factors, such as, availability 
of equipment, materials and labour used in the method also influence the 
decision. 

At Central Building Research Institute, Roorkee a simple method of 
preloading has been tested, which is applicable to sandy soils and is sui
table for three to four storeyed buildings. It is different from the conven
tional method of preloading, in which the entire site is loaded with loose 
earth 6 to 8 m height, and sand drains are installed to accelerate the rate 
ofprecompression. The operation of deloading involves substantial part 
of the cost in conventional method. 

The CBRI method [Mohan & Jain (1970)] consists of precompression 
o~ weak soil in foundation trenches before concreting. The load is applied 
With a square . steel plate and hydraulic jack. The width of the plate is 
equal to . the width of t~e trench. T~e reaction for the jack is taken from 
R.S. Joist (6 m long) mstalled honzontally over the centre line of the 
trench. <;ross joists and holdfasts are used to anchor the frame to the 
ground (Figure 1). Sev~ral preloading operations, one beside the other, can 
~e do~e un~er one setting of the frame. The pre loading stress at one loca
t~on ts appbed .for an hour and released. Four to five preloading opera
tions can be eastly done each day. 

The method .was applied. in a series of trenches at a School site in 
Roorkee. R.C. footmgs 60 em w1de and 3 m long were cast in these trenches 
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over the soil preloaded to different stresses. Load testing of the foot ings 
have_ revealed that bearing capac~ty of the virgin soil is improved by pre
loadmg. The stress correspondmg to a settlement of 25 mm was inc rea sed 
from 0·77 to 1·53 kgjcm2, Makol & Jain (1971 a). 

The_ m~thod was also applied in actual foundations of a double storey 
school bu1ldmg to be constructed on a fill in Roorkee. The labour time 
an~ cost involved in !?reloading was record~d, Makol &_Jain (1971 b). A 
savmg of 58 percent m the cost of conventiOnal foundatwn was estim'ated. 
To use this method with full confidence in other works also, it was consi
dered necessary to measure its efficacy for very loose soil. This was done 
in the laboratory on artificially deposited dry river sand using model foot
ings. In this paper, the results of the model study are presented. 

Soil 

The grain-size distribution of the Solani River sand used is given in 
Figure 2. The maximum and minimum dry densities of this soil were 
1·67 gmfcc and 1·25 gmjcc respectively. 

Equipment 

The sand was filled in a wooden box of inside dimensions 45 x 45 x 2 5 
em and was tested in a loading frame shown in Figure 3. The load was 
applied and maintained constant with the help of hydraulic jack and was 
measured on a sensitive proving ring. The settlement was measured with 
dial gauges of 0·01 mm sensitivity. For filling the sand in the box uni
formly, rainfall technique was applied. The sieve suspended from a frame 
is shown in Figure 4. The tests were conducted with model footings shown 
in Figure 5. The aluminum formers were used to retain the soil on the sides 
of the trench. Square footings were used to preload the soil and rect
angular footings for testing the soil. The widths of square and rectangular 
footings were 37·5 mm, 50 mm, 62·5 mm and 75 mm. The lengths of rectan
gular footings were three times the widths of the footings. The len~ths and 
widths of the formers were 4 mm greater than the lengths and wrdths of 
respective rectangular footings. The depths of the formers were equal to 
the widths of the footings. 

Sand Deposition 

For low relative densities ( < 30 percent), sand was filled in the box 
by simply pouring with a small container. The height of fall was controlled 
to achieve uniform density. For comparatively higher densities (> 30 per
cent), rainfall technique was applied. The sand was filled in layers of 2·5 em 
thickness each. The sand was first filled up to a thickness of 15 em (or 
more) and levelled. The former was placed exactly in the middle of the 
box. The sand was again filled on the sides of the former and levelled as 
shown in Figure 6. A paper was placed on the former during tilling and 
care was taken to avoid the falling of sand in the trench. 

Preloadiog and Testing 

~ectangular footi~g was placed on the virgin soil surface in the trench. 
The soil below the footmg was tested by applying load on it. The load was 
applied in small increments and the corresponding settlements were measured 
when the rate of settlement became negligible (0·02 mmj5 minutes). Sub
sequent tests were done on preloaded soil. Preloading of the soil in the. 
trench was done with the help o{ square footing in three operations. These " '~ - . . . - . . . - ~ ; 
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1-'IGURE 1 :Set-up of equipment used for preloading in trenches. 
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FIGURE 2 : Grain-size distribution of Solani River sand. 

FIGURE 3 : Laboratory loading frame for load testing. 
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FIGURE 4 : Equipment for depositing the sand by rainfall technique. 

FIGURE S : ~ view of W91lel footings and trenches. 
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FIGURE 6 : A view of levelled sand surface before testing. 
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FIGURE 7: Stress-settlement relation of model tests. 
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operations were done in the trench, one just beside the other in a line. In 
one test, the preloading stress in all the three operations was kept a certain 
constant value. In other tests of the same series on the same dry density 
of the sand, the prcloading stress was varied to other constant values. 
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Test Programme 

In all, nine series of tests were conducted, one with 37·5 mm wide 
footing, four with 50 rom wide footings and two each with 62·5 and 75 mm 
wide footings. The value of dry density in each series and the preloading 
stress in each test are given in T able I . 

Discussion of Test Results 
Typical stress-settlement results of one series of tests for 50 mm :-vi~e 

footings are given in Figure 7. It was observed that_ the stres_s of vtrg!n 
soil at all the settlements gets improved by preloadmg. The mcrease m 
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TABLE I 

Te3t programme /ot model study. 

Dry den- Rei a-
Sl.No. Sili:e of plate Depth Tests No. sity of the tive of test Preloading stress Re-tested (mm) soil(gmfcc) density (mm) applied (kg/cm2) marks 

% 

I. 1-5 1•32 21 37·5 X 112·5 37•5 o·1,o·1s.o·2o,o·3o 

2. 6-9 1·31 18 SOx 150 50 o·o,o·z.o·3,o 4 

3. 10-13 1'36 32 sox 150 50 o·o,o·4,0·6,0·8 

4. 14-17 1'42 48 SOx 150 50 o·o,o·6,o·8,1·2 

5. 18-21 1•485 63 50)( 150 50 o·o.o·6,t·2,t·5 

6. 22-26 1'32 21 62·5 Y.l87•5 62'5 o·o.o·2,o·3,0·4,o·s 

7. 27-30 1•37 35 62·5 X 187•5 62•5 o·o,o·2,o·4,o·6 

8. 31-37 1•32 21 75x225 75 0 O.O·J,0·2,0·J,0·4, 
o·5,o 6 

9. 38-42 1'37 35 'i5x225 75 o·o.o·4,0·6,o·8,t·o 

stress (6cr) at any settlement is the function of the settlement p, the initial 
relative density of the soil R, the preloading stress applied (ap), the width 
of the footing used B, the depth of the footing D. 

6 cr=f ( crp, R, p, B, D) ... (1) 
All tests were done at Df B=l. The value of(6cr) in this study main

ly depends upon crp, R and p. The value ( 6 cr) for the series in Figure 7 
was plotted against settlement pin Figure 8. It was found that 6cr varies 
with settlement cr but becomes constant after a settlement of 12 mm. This 
was found for all the nine series of te~ts. The constant value of (6cr) after 
12 mm settlement mainly depends upon (crp) and R. The values of 6cr after 
12 rom settlement for the series in Figure 7 were plotted against preloading 
stress (crp) in Figure 9. It w~s fo~nd that 6~ varies _with preloading stress 
( crp). The relation is a strarght !me. The u~crease m stre.ss was zero or 
negligible up to a certain value of the preloadmg stress. ThiS was found by 
extending the straight line back up to 6 a = 0 line. The starting point of 
the straight line was denoted by ( crpo) and the slope of the line was denoted 
by the ratio D,crf(crp - ap0). The values of apo and the ratio D,crf(crp-cro

0
) 

for all the nine series of tests were computed and are given in Table II. The 
initial density of the soil R was plotted against crpo in Figure 10 and against 
the ratio D.a/(ap-apo) in Figure 11. Study of Figure 10 indicates that the 
value of o po was negligible up to a relative density of 35 percent and was 
less than 0·20 kgfcm2

• But (apo) increased with a rapid rate as the relative 
densi~y increased further. The mathematical relation is given by the 
equation: 

crpo=0·002Rf(1-0·0l7 R) '"(2) 
This relation is independent of the size of footing and indicated that 

the valu~ of apo reac~es infini~y as the relative densit_y increases to 58·5 per
cent. Thts means n<? mcrease m (L:.cr) beyond a relative density of 58·5 per-
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cent. But as the relative density of the soil reaches 60 percent, the soil be
comes dense, and initial bearing capacity of the soil is adequate and there 
is no need of strengthening the soil. The conventional type of foundation 
may be adopted. 
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TABLE ll 
Test resulls of model study. 

Series Density Relative a Po Ratio /:::,a/ Width of foot- Depth of 
No. Density (%) (kg/cm2) (ap-apo) ing (mm) testing (mm) 

1. 1'32 21 o·os I ·OO 37•5 37·5 

2. 1'31 18 o·o5 0•65 so 50 

3. 1•36 32 0•15 0•69 50 so 
4. 1"42 48 0•52 0·66 50 50 

5. 1'485 63 1·5o 50 50 

6. 1•32 21 o·o1 0·75 62•5 62•5 

7. 1"37 35 o·10 0 ·75 62•5 62'5 

8. 1•32 21 o·oo o·69 75 75 

9. 1•37 35 o·12 0•75 75 75 

TABLE III 
Test programme for field study. 

Size of Depth of Density of Relative Preloading 
Test No. the soil density stress Remarks footing (::m) footing (em) (gm/cc) ( %) (kgfcm2) 

1. 60x300 60 1•55 51 o·o Ymaill' of the 
soil= l 97 
gmfcc. 

.a. ·do- -do- -do- -do· 1'09 Ymw of the 
soil= 1'27 
gm/cc 

3. -do- -do· -do· -do· 1•36 

4. ·do· -do- -do- -do- 1•64 

The relation in Figure 11 indicates that the values of !:::, af(ap-ap0) 

scatter in the range of 0· 65 to 1·00. No definite trend was observed with 
the change in the size of footings. Therefore, a minimum value of 0·60 was 
selected. An approximate valu~ of increase in stress f:::.a for settlement 
greater than 12 mm is given by the equation : 

( 
0·002 R ) 

f:::.a=0·60 ap- 1-0·011 R ... (3) 

where, R < 58·5 p~rcent. 
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Field Study 
The details of the prototype R.C.C. footings tested on preloaded 

soil in the field at CBRI school site, Roorkee are given in Table III. The 
method of preloading and testing of the footings is given earlier, Makol & 
Jain 1971 (a). The stress settlement relation of the tested footings is given 
in Figure 12 and the values of increase in stress (6cr) at 12 rom settlement 
are plotted against preloadmg stress ap in Figure 1 3. The values of apo 
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FIGURE 12 : Stress settlement relation of prototype field footing tests. 
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and the ratio t::,.r;f(ap-r;p0 ) were computed. These values were plotted on 
Figures 10 and II respectively. It was found that both the points satisfy 
the relation developed through model study. This further confirms that 
these relations are independent of size of footing. The equations develop
ed by model study can be directly used for the field application. 

To avoid unnecessary computations, Equation (3) is plotted in the 
form of a chart in Figure 14. This may be directly used to estimate the 
value of preloading stress required to achieve a given stress increase (6 cr), 
if the relative density of the soil is known. 

Conclusions 

(1) The value of improvement in bearing capacity (t::,r;) of a loose 
soil by CBRI method for a preloading stress is constant after 
12 mm settlement. 

(2) The imi?rovement inc_reases with preloading stress and is directly 
proportiOnal to effective (ap-ap0) preloading stress. 

(3) The increase is more for very loose to loose soil (R ~ 40 per
cent) and decre~ses as t~e soil bec?mes medium (R=40 to 60 
percent). The mcrease IS unapprec1able for dense soil (R ~60 
percent). 

(4) An approximate value of increase in stress t::,r; may be estimated 
by the Equation (3) or chart, Figure 14. 
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